catchment deep storage as the storage related to baseflow magnitudes, assuming 174 linear reservoir dynamics with a given reservoir constant. We used the same method as Arciniega-Esparza et al. (2016) to estimate total and 179 deep storage dynamics and statistics, and we summarize these methods here for 180 consistency. Total storage change was estimated using the daily water balance: 181 annual maximum total storage for a given year and a given catchment as 4 max ( Table  192 1). For each catchment we obtained 23 annual maximum values of total storage, and 193 the average maximum total storage, 4 max , was computed. This statistic was also used 194
by Sayama et al. (2011) to compare average maximum total storage to catchment 195 properties, such as average slope. 196 197 To estimate deep storage statistics, we performed streamflow separation and 198 baseflow recession analysis (Tallaksen, 1995; Wittenberg and Sivapalan, 1999; 199 Sayama et al., 2011; Arciniega-Esparza et al., 2016) . Streamflow was partitioned into 200 quick flow (Qd) and baseflow (Qb) components using a recursive low-pass filter 201 (Lyne and Hollick, 1979) . The one-parameter low-pass filter was passed three times 202 over the time series, two times forward and one time backward, to smoothen the 203 baseflow hydrograph (Voepel et al., 2011) . We selected a parameter value of 0.925 204 for all catchments, which is similar to the approach used in previous studies [Voepel 205 Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2018- effective tool to investigate the characteristics of storage feeding streams (Brutsaert, 207 2008; Rupp and Woods, 2008; Sayama et al., 2011) . Once the annual baseflow 208 hydrograph was obtained, we performed baseflow recession analysis, assuming that 209 the deep storage dynamics can be represented by means of a linear reservoir: 210
where SD is deep storage, Qb is baseflow, and K is the linear reservoir constant. 212 Equation (3) can be rewritten as: 213
Let -dQb/dt=Y and Qb=X. Equation (4) in terms of new variables X and Y is: 215
Transforming Equation (5) in terms of square error (ei) for i=1,2,…N, where N= total 217 number of days when -dQb/dt or Y is positive, leads to the following equation: 218
An optimization of Equation (6) with respect to the variable 1/K leads to the 220 following Equation: 221
Thus, the value of the reservoir constant K for which Equation (6) 
Predictive relationships of storage dynamics and groundwater recharge 234
Since total and deep storage are estimated using independent methods, the strength 235 of their relationship was analyzed to determine common patterns of inter-annual 236 and inter-catchment variability of storage dynamics. Several catchment 237 geomorphological properties (i.e. mean slope, drainage area, mean elevation, and 238 mean aspect, among others) were explored to predict storage dynamics. We also 239 explored the relationships with catchment vaporization (V), catchment wetting (W), 240 and the Horton Index, respectively. We further examined whether the HI can predict 241 certain statistics of the flow duration curve (FDC). We selected the 50 th percentile 242 flow as a surrogate for average baseflow conditions. We tested whether the 50 th 243 percentile represents accurately the observed average recharge rates for the 244 catchments. We also tested whether other streamflow percentiles would better 245 represent average baseflow conditions (see Discussion section for more details). 246
The advantage of using the FDC is that one does not have to perform hydrograph 247 separation to estimate average baseflow conditions and the average recharge rates 248 at catchment scale. As our MOPEX watershed dataset is composed of undisturbed 249 and only one catchment of the 55 catchments with a negative correlation was 290 statistically significant. We removed the catchment that had a significantly negative 291 correlation between total and deep storage to avoid including a catchment that 292 possibly is affected by anthropogenic changes (e.g. pumping). 293 294
Predictors of average maximum total and deep storage 295
Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2018-449 Manuscript under review for journal Hydrol. Earth Syst. Sci. between catchment properties and storage dynamics (Sayama et al., 2011; Voepel et 297 al., 2011; Arciniega-Esparza et al., 2016) , we too found that the mean catchment 298 slope is a strong control on average maximum total and average maximum deep 299 storage (R=0.73 and R=0.69, respectively). We also found that the inter-catchment 300 variability of total and deep storages is significantly correlated with mean 301 catchment wetting, and this relationship seems to be stronger than with catchment 302 slope ( and deep storages for 51% and 22% of the catchments, respectively. The inter-330 annual variability of the HI could explain inter-annual variability of deep storage for 331 95% of the catchments (Figure 7, B3 ), but total storage inter-annual variability was 332 only explained for 27% of the catchments (Figure 7, A3) . Again, it is not surprising 333 that the annual empirical HI is related to annual deep storage dynamics, and thus to 334 annual average baseflow. 
Observed HI based estimates 338
We further investigated whether the observed HI is a good predictor for catchment-339 scale groundwater recharge. We found that there is a clear pattern between the 340 
Predicted HI based groundwater recharge estimations 372
The estimation of deep storage dynamics and hence average recharge rates based 373 on the HI is only useful if we are able to estimate the HI independently. Finally, we assumed that long-term average baseflow conditions can be estimated 488 from the 50 th percentile of the flow duration curve (Q50). This choice was more an 489 intuitive guess than an informed decision. We tested this assumption for our 490 catchments and found that Q65 in fact is a much better estimate of average baseflow 491 conditions. For the selected catchments, there exists a one-to-one relationship 492 between Q65 and average baseflow, and both variables are highly correlated (R 2 = 493 0.90). Before we can replace Q50 with Q65 more research is required to check how 494 universal this finding is across different climates and geologies. 495
496
There can be a perceived possibility that some of the statistical relationships shown 497 in this study are the result of spurious correlation (i.e. The HI is estimated from 498 baseflow separation and is then used to estimate average baseflow conditions). 499
There are several arguments that go against this statement, but the strongest that 500 we can think of is the fact that we use predicted HI from climate and landscape 501 partitioning. It effectively expresses how much water, available to the catchment's 526 ecosystem, is being used by the plants. This water use efficiency metric increases 527 with climate aridity while its value becomes less in temperate and humid regions. 528
From our results we observe that when the HI crosses a critical value (0.86), 529 catchments' main streams become intermittent or ephemeral. The flow duration 530 curves of catchments rank quantitatively with HI (high to low flows corresponding 531 to low and high HI, respectively), suggesting that the statistical distribution of 532 streamflow regimes, including median flows (a proxy for recharge), is primarily 533 controlled by vegetation water use. 
